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UNIQUE CHALENGES 

Broodstock feed manufacture 

By Peter Hutchinson, E.N. Hutchinson Ltd., Auckland, New Zealand 


Manufacture; 


of broodstock feeds for the growing 
lumber of marine species being cultured 
presents nutritional, manufacturing and 
palatability challenges not found in standard feed pellet manufacture. Firstly, the nutritional require¬ 
ments for mature fish to lay down high quality eggs are quite different to those required in grow out. 
Improvement in broodstock nutrition has been shown to greatly improve not only egg and sperm quality, 
but also to significantly reduce rates of abnormality. 


Unfortunately the amount of published material on broodstock nutrition (in particular species specific 
nutrition) is a little slim. This requires broodstock feed manufacturers to have a much closer working 
relationship with their customers in order maximize gains for all concerned. 


It is generally accepted that 
a higher protein to energy 
ratio is required for brood¬ 
stock and that the quality of 
protein and lipid has a 
significant bearing on egg 
quality. Although overall 
lipid content may be lower, 
the requirement for n-3's 
DHA and EPA and n-6 ARA 
are proportionally increased. 
These fatty acids should also 
be proportionally higher 
than n-6 linoleic when 
compared with grow out 
feeds, as evidence suggests 
excess linoleic is detrimental 
to egg quality. To this end, 
excessive use of plant 
proteins and lipids can be 
detrimental to marine fish 
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egg quality and as such are their inclusion in broodstock feeds is significantly more limiting than in grow 
out. 

While astaxanthin supplementation has been utilized for some time for improvement of egg quality, 
various other pigments with antioxidant properties have also been found to be beneficial such as carotene 
from various sources, lycopene from tomatoes and pigments from paprika capsicum such as zeaxanthin to 
name a few. 

There are a number of other feed stuffs such as krill, mussel, squid and seaweed meals and compounds 
such as vitaminoids and nucleosides which can also benefit egg quality - it really comes down to whether 
literature or experience can demonstrate usefulness and how much a customer wants to spend. 

The manufacture of broodstock feed presents a host of other challenges. Most commercial feed plants are 
geared up to produce levels ranging between 5-25 tonne/ hr, making shut down and profile changes 
prohibitive for the relatively small feed volumes required, hence broodstock feeds are generally produced 
on R&D sized equipment. Also, as any extruder operator will testify, small one off runs often don't pro¬ 
duce the desired result and the quality of any product tends to evolve over time as experience with a par¬ 
ticular formulation builds. 

Knowledge of extruder profile and die design are pivotal and this is where an experienced operator needs 
to work their magic, as the nature of broodstock is such that they are often large, requiring pellets to 
match. How then to produce a quality 20g pellet from a machine that would normally not be used to pro- 




GEMMA Micro is Skre-tting's proven alter¬ 
native to Anemia in the hatchery nearing of 
marine fish larvae. 

The unique^ patented formulation based on an 
inncvative marine algae bend, coupled with 
a bw temperature production prooess and 
erhanced physical properties, enables drect 
wearing from rotifers cnto GEMMA Micro. 

GEMMA Micro is part of Skretting's Spec¬ 
trum portfolio' of feeds formaline hatcheries. 
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duce pellets over 2g? With a little perseverance you 
can see here (photo) what is possible, however 
that's not to say there won’t be a few bins of prod¬ 
uct waste along the way. 

Broodstock customers will often have other special 
shape and density requirements which can add to 
the complexity, for example this abalone brood¬ 
stock strip in the photo (right), which was designed 
to be neutrally buoyant and mimic seaweed. 



Adding to the complexity, marine broodstock 
fish are often wild caught and most will refuse to 
take a manufactured pellet. Enticing these fussy 
beasts to take a pellet can be no mean feat and 
requires a range of tactics. Using a combination of 
soft (but shelf stable) pellet, amino acids, nucleo¬ 
sides and enzymatic fish protein hydrolysate will often (but not always) do the trick. Failing that, it's 
back to stuffing squid mantles. 
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Having tried coating a range of proprietary "pheromone" type attractants - these products will probably 
remain in the recreational category for a while yet. There are no magic bullets... 

All the above factors have a significant impact on price, with broodstock pellets demanding premiums 
which can exceed ten times the cost of regular pellets, depending on volume. Flowever with the right 
nutrition producing fertility rates over 90%and dramatic reductions in abnormalities, the results are 
worth it! /-a. 


For more information, please contact Peter Flutchinson, director E.N. Hutchinson Ltd., 
specialist aquatic feed manufacturers and consultants based in Auckland, New Zealand. 

Ill 

See Peter Hutchinson demonstrate extrusion set-up and processing of Standard Research 
Diets for Shrimp (Litopenaeus vannamei); Pacific Threadfin "Moi" (Polydactylus sexfilis); 
Longfin Amber J ack "Kahala" (Seriola rivoliana); Abalone (Haliotis discus hannai); Limpets 
"Opihi” (Cellana talcosa);Urchin "Uni" (Strongylocentrotus droebachiensis & Lytechinus 
variegates) at the Standard Research Diet (SRD) Workshop 
"Egg to Market, Research Studies, SRD Formulations and Feed Manufacturing", 
Waimanalo, Hawaii, USA - October 27 - 28, 2010. 

The workshop is free but places are strictly limited. Program (PDF). Details Or contact 

Lindon Hansink. 
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VITELLUS: A NOVEL WAY 


TO FEED ARTEMIA CYSTS 





Traditionally^ 


the nutrients present in Artemia cysts (protein, fat, 
minerals, etc.) are provided to young shrimp larvae by 
the use of recently hatched living Artemia nauplii. This 
involves a time consuming operation: decapsulation; disinfection; hatching; separation and rinsing. 
Hatching typically takes 24 hours, requires the use of chemicals and is not totally efficient, since the 
hatching percentage is variable. 


But recent research has shown that this is not necessary the only way Artemia cysts can be fed. It is well 
known that Artemia cysts contain an embryo whose development has been arrested at gastrula stage 
(Clegg et al., 1996). This embryo is composed of a small number of cells and is surrounded by a huge 
number of very tiny packed granules of nutrient reserves called yolk platelets (Clegg, 2005). 


Yolk platelets are very regular, well defined bodies measuring 3 pm in width x 5 pm in length and present 
a disk like structure at both ends (Figure 1). These yolk platelets are extremely stable in water and 
contain virtually all the nutrients needed by the Artemia embryo to continue its development (Figure 2). 

When properly extracted and processed into the right particle size, these yolk platelets show nutritional 
properties similar or better than the live Artemia nauplii, when fed to shrimp larvae under commercial 
hatcheries conditions. The conditions of pH and temperature are key to preserving the integrity of the 
yolk platelets. 
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Figure 1: Artemia cysts contain an embryo composed of a small amount of cells surrounded by a huge number of very 
tiny packed granules of yolk Platelets 


Yolk platelets are the most perfect 
micro-capsules that nature has pro¬ 
duced - or man has invented. It is ex¬ 
tremely stable in the slightly acid pH 
(<6.5) found in diets and spontaneously 
dissolves at alkaline pH prevailing in 
the shrimp larval gut (8.5) (Utterback 
and Hand, 1987). Yolk platelets are 
therefore the ideal nutrient supply to 
the young shrimp larvae since its diges¬ 
tion does not rely uniquely on shrimp 
larval enzymes, but is endogenous to 
the yolk platelet. 

Several experiments carried out in 
hatcheries have shown that 
Litopenaeus vannamei shrimp larvae 
fed with yolk platelets particles, 



Figure 2: Yolk platelets are very regular well defined bodies, measuring 
3 pm in width x 5 pm in length and present a disk like structure at both 
ends 
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replacing fully the use of live Artemia nauplii, grow better and survive better than the shrimp larvae fed 
with live Artemia nauplii. The water quality of culture tanks and the bacteria load of the water remained 
similar in both treatments. 


Table 1: Feeding regime applied until PL8 

Stage 

Artemia cysts/million 

PL (g) 

Vitellus/million PL (g) 

Frequency (number of 
feedings/day) 

Z3/M1 

30 

24 

6 

Ml 

30 

24 

6 

M2 

60 

48 

6 

M3 

80 

64 

6 

M3/PL1 

80 

64 

6 

PL1 

100 

128 

6 

PL2 

200 

160 

6 

PL3 

240 

192 

6 

PL4 

320 

256 

6 

PL5 

320 

256 

6 

PL6 

320 

256 

6 

PL7 

320 

256 

6 

PL8 

160 

128 

6 

TOTAL 

2,260 

1,856 



Feeding regime applied in test carried out in a commercial hatchery in Mexico. The test was run in 
triplicate. Each tank contained 20,000 liters and was seeded with 2,200,000 to 2,500,000 nauplii at 
the start of the test (120N/ liter). Two treatments were applied: (1) live recently hatched Artemia 
nauplii and (2) a particle composed of carefully extracted Artemia cyst yolk platelets (Vitellus). 
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Table 2: Results of feeding trial conduxted in Mexico, 2099. 


Vitel I us™: results 



Date: 

start of the 
Experiment 

Shrimp 

Nauplii 

Volume 

(10001) 

Density 

(N/l) 

Date: 
end of the 
experiment 

PL stage 
at 

harvest 

Absolute 

survival 

s <%) 

Weight 

(mg) 

Length 

(mm) 

C.V. 

Stress 

Test 

survival 

1 

26-Aug-09 

2.200.000 

20 

110 

21-$ep-09 

PL 17 

1.085.000 

49% 

3.18 

8.19 

0.1 

99% 

2 

27-Aug-09 

2.500.000 

20 

125 

21-Sep-09 

PL 16 

1.450.000 

58% 

4.96 

9.22 

0.1 

96% 

3 

28-Aug-09 

2.000.000 

20 

100 

21-Sep-09 

PL 15 

1.313.333 

66% 

3.69 

8.42 

0.2 

98% 



6.700.000 

601 

112 N/L 


PL 16 

3.848.333 

57.4% 









Live Artemia nauplii: results 






Date: 

start of the 
Experiment 

Shrimp 

Nauplii 

Volume 

(10001) 

Density 

(N/l) 

Date: 

end of the 
experiment 

PL stage 
at 

harvest 

Absolute 

survival 

S(%) 

Weight 

(mg) 

Length 

(mm) 

C.V. 

Stress 

Test 

survival 

10 

25-Aug-09 

2.400.000 

20 

120 

19-Sep-09 

PL 16 

1.193.000 

50% 

3.52 

7.95 

0.1 

96% 

11 

25-Aug-09 

2.400.000 

20 

120 

19-Sep-09 

PL 16 

1.275.000 

53% 

3.70 

8.46 

0.2 

98% 

12 

26-Aug-09 

2.200.000 

20 

110 

19-Sep-09 

PL 15 

1.155.000 

53% 

3.45 

8.33 

0.1 

100% 



7.000.000 

601 

117N/L 


PL 16 

3.623.000 

51.8% 






Table 2 presents the detained results of the experiment carried in Mexico in August 2009. Results 
indicate that Vitellus has produced shrimp post larvae of equal size and quality (CV, Stress test 
survival and pigmentation) as compared to live Artemia nauplii. The variability of the results in all 
tanks was well in line with the average of the hatchery. 


Characteristics of Vitellus 

■ Composed of pure Artemia cyst extract 

■ Vitellus is enriched with 3%of fish oil (EPA, 

■ Offers the same performance as live Artemia 

DHA) 

nauplii 

■ Vitellus is available in 3 sizes: can also be 

■ Less is required - Save 20-30%of Artemia 

fed to Zoea. 

cyst 

■ Guaranteed bacteria & viruses free (ionized) 

■ Easier to use (no hatching, no decapsulation) 

■ Extended shelf-life. 
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Figure 3: Digestive Tract PL-3 

Shrimp post-larvae fed with Vitellus Shrimp post-larvae fed with live Artemia nauplii 


Later in the next production season (Dec 2009-Mar2010) a total of 3.5 billion shrimp were raised in 
Mexico with Vitellus as total replacement of live Artemia nauplii, confirming the validity of the 
first experiment. 

These pictures show the digestive track of PL3 sampled to evaluate their feeding behavior. Feed 
can be found in animals from both treatments. The coloration found in the shrimp digestive track 
fed with Vitellus is more intense probably because the shrimp has ingested more feed. 


References: 

J ames S. Clegg (2005): Desiccation Tolerance in Encysted Embryos of the Animal Extremophile, Artemia. 
INTEGR. COMP. BIOL., 45:715-724(2005) 

Paul J. Utterback and Steven C. Hand (1987): Yolk platelet degradation in preemergence Artemia 
embryos: response to protons in vivo and in vitro. Am J Physiol 1987, 252:R774-R781. 

J ames S. Clegg, Laurie E. Drinkwater and Patrick Sorgeloos (1996): The metabolic status of Siapause 
Embryos of Artemia fransciscana (SFB). Physiological Zoology 69(1): 49-66. 


For more information, please contact Bernard Devresse. 
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ARTEMIA CYSTS 
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A company of 
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BERN AOUA 

biotechnology environment research nutrition . tm 


BernAqua NV is an aquaculture feed company that is exclusively dedicated towards 
the development, production, and marketing of specialised, high quality feeds for 
the aquaculture market. In 2007, BernAqua NV has taken an important step by 
integrating the international InVivo NSA group (www.invivo-group.com and www. 

invivo-nsa.com), specialist in animal nutrition and health. This new structure in BernAqua NV 

which BernAqua operates guarantees the long term development of its activities, Hagelberg 3, B-2259 Olen 

confirming BernAqua as world-wide market leader in the hatchery feed market. Belgium 

t +32 [14] 282 520 
info@bernaqua.com 


More information: www.bernaqua.com 



DIATOM ALGAE BASED FOOD CHAIN 

ECO FRIENDLY AND ECONOMICAL FEEDING FOR FRY AND 

ADULT FISH AND SHRIMP 


The food: 


chain in nature produces the food, oxygen and nutrition for 
the growth of all marine animals from egg hatching, fry, 
larvae and adulthood, till the end of the life cycle. 


The algae and zooplankton are the natural source of food for the fry and juveniles of all marine animals. 
Diatom algae deliver good quality nutrition and oxygen and are responsible for the growth of more than 
50%of all marine animals in nature. The diatoms are easily grazed upon by zooplankton. The eggs of fish 
require good oxygen levels for hatching. The fry and juveniles are miniscule in size and hence the food it 
can consume should be of micron or submicron size. 


In nature there are several species of diatoms that vary in size from pico to micron. The zooplankton also 
similarly varies in size from submicron to millimeter. This range of food is required for the growth of the 
various species of marine animals from egg hatching, nauplii, fry, larvae, to adult rearing. 

J ust as it is very difficult to duplicate breast milk for humans, it is difficult to produce artificial feed con¬ 
taining all the natural properties for the young of fish. This problem has been solved by growing Nature's 
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MARINE FOOD CHAIN IN NATURE 



food chain artificially in any water, using a product called Nualgi, a patented nano nutrient that boosts 
the growth of the naturally available diatoms in any water. Upon adding Nualgi the diatoms bloom, pro¬ 
ducing food and oxygen by photosynthesis using sunlight or artificial light. The oxygen produced at micro 
plant level helps faster and complete egg hatching. The size and nutrition of the diatoms is j ust right for 
the fresh hatchlings. 

Nualgi contains 11 micro nutrients required by Diatoms - Iron, Zinc, Manganese, etc., on a Nano Silica 
base. The Nano particles disperse very easily in water and are suspended in water and bioavailable to dia¬ 
toms for a long time. The nano partices of about 20 to 150 nano meters in size are easily consumed by 
Diatoms of all sizes - pico to micro. 


Nualgi was developed over 10 years from 1994 to 2004 and has been in commercial use in India since then. 
Over the past five years many tons of Nualgi have been supplied to a number of fish species (tilapia, milk 
fish, Carp and P. Monodon and P. Vennamai hatcheries and farms, the results were remarkable: 

— egg hatching improved - faster and more eggs hatched due to high oxygen levels; 

— the survival of fry and larvae, increased from 20%- 30%to nearly 60% 

— the time required for the growth of fingerling size of fishes reduced from 45 days to 30 days; 

— all the fingerlings were in excellent health and very active; 

— In hatcheries artemia reared in separate tanks for feeding the fry and juveniles can be replaced by us¬ 
ing the diatoms and zooplankton / artemia reared in the hatchery tank itself; 

— application of Nualgi for adult rearing of fishes resulted in healthy fish, faster growth, excellent color 
and texture. It reduced the need to use artificial feeds like corn, soy, rice bran, fish meal, etc., and im- 
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proved the FCR ratio. 

— diatom algae prevent the bloom of Blue green algae and filamentous algae. 

— it is estimated that 1 kg of Nualgi in 1 acre of pond results in about 100 to 200 kgs of Diatom Algae, 50 
to 100 kgs of Zooplankton and 20 to 40 kgs of Fish biomass and the Diatoms give about 100 to 200 kgs of 
Oxygen. Manure or other sources of Nitrogen and Phosphorus are to be used to provide the Diatoms with 
the macro nutrients they require. 

The current practice in shrimp hatcheries and abalone farms is to grow Diatoms in small tanks adding the 
required micro nutrients one at a time. This process can be replaced and diatoms can now be grown in 
very large tanks and even in the grow out ponds of any size, say, 1 acre to 100 acres. It will be economi¬ 
cal to use Diatoms as feed for even low value fish. Nualgi can be easily used even in fish reared in pens in 
coastal waters. The system of growing the natural food chain in any water body using Nualgi can be 
adopted for economical and eco friendly growth of all cultured marine animals. 




For more information, please visit www.nualqi.com/ new and www.kadambari.net 

i2i, View a short video about Nualqi and diatoms 

imifl 



Get a free sample 
of our products!* 






v * l Alter Aqua Hatchery Pack 


Order your free sample 
of Aller Aqua Hatchery Pack: send 
an email to biuro@afler-aqua.pl 
stating your name, company 
name, address and phone 
number. 

* Samples are available as long as 
the stock lasts. 

www.aller-aqua.com 


Aller Aqua A/S I Allervej 130 I DK-6070 Christiansfeld 
Tel.: +45 70 22 19 10 I Fax.: +45 73 26 12 91 
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SEP-ART: INNOVATIVE, ECONOMICAL AND 
SUSTAINABLE AUTOMATION OF 

LIVE FOOD PRODUCTION IN HATCHERIES 


Rombaut G.\ Naessens E.\ Van Nieuwenhove L. 2 

*INVE Technologies NV, Hoogveld 93, 9200 Dendermonde, Belgium; 2 INVE Thailand Ltd, 79/1 Moo 1 
Nakhon Sawan-Phitsanulok Road Tambon Nong Lum, Amphoe Wachirabarami, Phitchit 66220, Thailand 


The brine 


shrimp Artemia is a well-known, convenient and 
indispensable live food for the industrial aquaculture of 
most marine fish and shellfish. Not only its availability as 
a nutritious live prey, but also the possibility of tailoring 
its nutritional value to the hatchery needs and its flexibility of use has determined its success. 



The use of Artemia requires the hatchery operator to separate the freshly hatched brine shrimp nauplii 
from the cyst shells. This complex process usually involves a sedimentation or a decapsulation step. It is 
important that these manipulations are carefully carried out as the indigestible cyst shells may bring 
about considerable losses in the larval tanks 


Separation is achieved in most of the hatcheries by removing the aeration tube from the hatching tank, 
allowing the different objects to separate. When a lot of cysts are found among the hatched Artemia an 
extra separation step is needed. Usually, a sieve is used to execute this process. The more cysts are 
present, the faster the filtering screen clogs. Clogging will not only reduce the flow rate but will also 
increase the risk of damaging nauplii. 


One of the solutions used in hatcheries to overcome this is 
"decapsulation". Cyst decapsulation is a well-known chemical 
process, developed in the '70. Basically the technique consists in 
dissolving the chorion of the Artemia cysts in a hypochlorite 
solution. Although most hatcheries apply this process, the major 
disadvantages of the process are that it is costly, that it implies 
some risks, that the operator needs to be skilled and that the 
waste water can contain very high levels of toxic products (AOX) 

PRINCIPLE 

Today, INVE Aquaculture has left no stone unturned to ensure that 
separation by means of sieves and/or decapsulation become 
redundant in hatcheries by launching an innovative product and 
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process called SEPArt. This is 
the new Artemia technology 
for a sustainable and efficient 
one-step separation of 
hatched nauplii from the cyst 
shells. The process yields 
pure Artemia nauplii without 
the use of chemicals or 
complex manipulations. 

The use of SEPArt Artemia 
does not require any 
structural modifications or 
changes in the incubation or 
harvesting protocols. Using 
the INVE SEPArt cysts and the 
specially designed equipment 
(SEPArt SEPARATOR or the high 
throughput CysTM unit) simplifies the process. 


Separator 
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FEATURES 

Complete Separation 

The removal of the Artemia cysts/cyst shells is fast and independent of the hatching quality of the cysts. 
No chemicals come into play nor are the collected nauplii subjected to physical stress. The result is a 
suspension of pure, clean and very active nauplii, without shell material of any kind. 

Increased Viability & Vitality 

Contrary to the double sieve technique, where clogging of the sieve increases the risk of damaging 
nauplii; the use of the SEP-Art technology allows people to harvest each Artemia nauplii present in the 
hatching water without harming them. As no external forces (rinsing, passing through the sieves) are 
executed on the Artemia nauplii, each nauplii that is harvested is in optimal condition. 

Maximizing Hatching & Higher Output 

Using the SEP-Art harvesting concept, one can collect all the nauplii that are present in the hatching tank. 
Moreover, due to the non-destructive nature of the SEP-Art concept, each and every harvested nauplii is 
intact (contrary to the varying numbers of mutilated and disintegrated animals when conventional harvest 
methods are applied).The result is that for cysts of equal hatching quality, the SEPArt concept yields 
substantially more nauplii biomass as compared to conventional harvesting methods. This difference 
becomes more obvious in cysts with lower hatching qualities. 
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Automation 

Harvesting SEP-Art Artemia with the 
CysTM / SEPARATOR is a higly automated 
process. The hatching tank empties 
continuously and fast into the CysTM/ 

SEPARATOR where sets of strong magnets 
selectively trap the magnetized shells. 

Simultaneously in the CysTM the nauplii 
are concentrated and rinsed and in very 
little time the whole hatching tank is 
reduced to a dense, clean suspension of 
pure nauplii only. 

Safety and Environmental concern 

SEP-Art Artemia is truly revolutionary 
since it makes history of the cumbersome 
and hazardous process of decapsulation. 

CONCLUSION 

SEP-Art is not a cyst strain that is related 
to a specific lake or harvest season. The 
SEP-Art technology transforms regular 
Artemia cysts into an Artemia product 
with a set of desirable characteristics. Figure 1: The effect of the harvesting technique on the 

The separation itself is a simple and amount of Artemia biomass harvested (kg wet biomass 

straightforward process that is achieved in expressed as percentage) and its quality (damaged & dead 
the SEPARATOR or CYSTM. These devices, vs vital & viable ) 

designed by INVE, simultaneously 

combines the concentration and very efficient rinsing of the nauplii with the complete removal of all shell 
material (empty shells and full, unhatched cysts). This removal is fast and independent of the hatching 
quality of the cysts. No chemicals come into play (no decapsulation), nor are the collected nauplii 
subjected to physical stress (e.g. double sieve separation).The result is a suspension of pure, clean and 
very active nauplii, without shell material of any kind. 



Through this technology INVE now introduces a product that guarantees a perfect separation after 
hatching, independent of its origin or hatching quality. 




I 


For more information, please contact inveaqua_bu@inve.be 
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NEW HATCHERY PRODUCTS FROM INVE 


A SUCCESSFUL SHRIMP BROODSTOCK 
DIET FOR FRESH FOOD REPLACEMENT 

By R.Wouters& E. Naessens, INVE Technologies 
N.V., Hoogveld 93, 9200 Dendermonde, Belgium 

RESEARCHERS of Gent University (Belgium), RIA-2 
(Vietnam) and CENAIM-ESPOL (Ecuador) tested a 
new shrimp broodstock feed that is developed by 
INVE. BREED-S FRESH is a semi-moist pellet (27% 
moisture) offering the following benefits compared 
to dry feeds: 

- soft texture to improve palatability and ingestion 

- inclusion of fresh marine ingredients to stimulate 
ovarian maturation 

- gentle feed processing to maintain the biological 
activity of key molecules. 

This pellet is water-stable and storable at normal 
temperatures (no freezer required). BREED-S FRESH 
was applied as a total replacement of polychaetes 
and as a partial replacement of fresh-frozen squid, 
mussel, oyster and/or pork liver. 



FRESH. Survival rates of P. monodon postlarvae 
PL15 originating from broodstock fed the semi- 
moist pellet were considerably higher than those 
from broodstock fed fresh feeds. 

BREED-S FRESH is able to replace at least 60%of 
the fresh food mixture, offers a constant balanced 
nutrition and increases the production of high- 
quality nauplii, therefore improving the success 
rate of domestication programs as well as the 
profitability of shrimp hatcheries. 


Feed ingestion trials demonstrated that 
Litopenaeus vannamei as well as Penaeus monodon 
shrimp fed the semi-most feed had taken up more 
dry matter than shrimp fed a dry pellet of a similar 
formulation. A maturation trial with domesticated 
white shrimp at a hatchery in Guatemala indicated 
that BREED-S FRESH could replace 68%of the fresh 
food without affecting spawning performance 
(mating rate, spawning rate, eggs/tank, nauplii/ 
tank and hatch rate). Simultaneously, in Vietnam, 
testing on black tiger shrimp (PhD thesis by Nguyen 
Duy Hoa) repeatedly yielded improved egg hatching 
rates and larval metamorphosis rates after replac¬ 
ing 60%of the fresh food items with BREED-S 
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SANOCARE SURE: AN INNOVATIVE 
HEALTH CONCEPT TO OBTAIN 
QUALITY ROTIFERS 

Mass production of live food has always been asso¬ 
ciated with a lot of organic material and bacteria, 
and their transfer via the food chain can be detri¬ 
mental for fish larvae. Improved survival rates of 
fish larvae fed with non-contaminated (antibiotic- 
treated) live food have been reported many times. 
But despite the obvious advantage, routine use of 
antibiotics is undesirable due to the rapid develop¬ 
ment of antibiotic-resistant strains and possible 
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environmental consequences. For brine shrimp 
Artemia suitable alternatives like Sanocare ACE can 
be applied. However, until now, no products were 
suitable for use with rotifers without having nega¬ 
tive effects. Now INVE Aquaculture has developed 
a new health concept for obtaining clean quality 
rotifers without the risk of transferring pathogens 
to the fish larvae: Sanocare SURE. 

Sanocare SURE is a botanical water conditioner 
that can be used at the end of a rotifer culture or 
enrichment and is designed to improve rotifer qual¬ 
ity. The application is quick and user friendly: 
apply directly in the culture tank or 
the harvester. Sanocare SURE has a 
beneficial effect on the vitality of 
rotifers, reduces bacterial load and 
stains the rotifers, making them 
more visible to fish larvae. 

Test results show that the total 
amount of heterotrophic bacteria 
present in rotifer cultures can be 
reduced by 1-2 log units when using 
Sanocare SURE and the effect on 
the Vibrio population is even more 
pronounced as an almost complete 


reduction can be achieved. This results in very 
positive effects during initial commercial trials 
with seabream larvae at MRS, where a significant 
increase of good-quality fry of 60 days post hatch¬ 
ing was obtained in two consecutive trials. 

Sanocare SURE ensures better rotifer production 
conditions and a reduced transfer of putative 
pathogenic bacteria through rotifers to the fragile 
fish larvae, resulting in a higher survival rate and 
enabling a more efficient and reliable hatchery 
production. 


Bacterial growth in rotifers 

□ Marine Agar a TCBS 
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THE NUTRITIONAL R-EVOLUTION 

Last year Mediterranean hatcheries went through a 
complete revolution in their production parameters 
and professional behavior. From big aquatic labs 
looking to solve basic production problems, Euro¬ 
pean hatcheries have evolved into well-structured 
operations focused on profit, standardization and 
production quality. 

Today the farmers’ requests are: simplification of 
the process and a full understanding of the prod¬ 
ucts. Listening to market demand and relying on 
industry experience, INVE Aquaculture developed 


) 


new easy to use products to cultivate rotifers and 
has re-engineered its co-feeding, weaning and nurs¬ 
ery diets. INVE Aquaculture's goal is to obtain pre¬ 
dictable results, with the best possible quality, at a 
reasonable cost. 

S.tream 

Recently, marine fish hatcheries have increased the 
use of rotifers as the preferred enriched live prey 
during the first 20-30 larval rearing days. This trend 
is strengthened because of the relative ease in 
culturing rotifers and because rotifers are consid¬ 
ered the ideal medium for delivering vital ingredi- 
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ents through enrichment to fish larvae. Today 
many hatcheries have prolonged the period in 
which rotifers are fed to fish larvae. Besides the 
extension of the rotifer feeding period, also the 
rotifer prey-density in the larval rearing tanks has 
been increased. In sea bream larval rearing, main¬ 
taining rotifer densities up to 20 rotifers per ml are 
now a common practice. This has caused greater 
demand for strong and healthy rotifers. As a conse¬ 
quence, today, quality live food is required to pro¬ 
duce a lot more rotifers. 

The dream of many live food and hatchery manag¬ 
ers was to develop a consistent and continuous 
culture system avoiding the costly and time con¬ 
suming practices that are inevitably linked with 
batch system management. Today, INVE Aquacul¬ 
ture offers S.tream, an innovative diet for the 
consistent semi-continuous culture of rotifers. 

Relying on a simple concept that has its origin in 
flow-through systems, the S.tream concept avoids 
the use of expensive and complex equipment. 

S.tream guarantees a long-lasting, high density and 
very clean rotifer culture, floc-free and accompa¬ 
nied by stable microbial flora. 

Produced only with natural ingredients, S.tream is 
formulated to reduce water pollution and support 
maximum rotifer growth. S.tream is a naturally 
balanced diet developed to feed rotifers, cultured 
in high density systems (between 3.000 and 6.000 
rotifers/ ml) and allowing a daily harvest of up to 
20%of the rotifer population. 

The use of S.tream is simple and intuitive. Training 
and follow up during the start-up phase and subse¬ 


quent production days are supported by INVE Aqua¬ 
culture's local and technical staff. 

With an average of 400-600 million rotifers pro¬ 
duced daily per metric ton, S.tream represents the 
benchmark of a new generation of rotifers culture 
diets or as INVE says: 'the Green R-Evolution' for 
this segment. 

O. range 

O.range stands for "Optimal Range" and is the new 
dry diet for fish from INVE Aquaculture. This new 
range has been developed taking into account the 
needs of the market and offers new sizes, a homo¬ 
geneous distribution and a perfect compatibility 
between the three different formulation blocks. 

O.range represents a complete nutritional strategy 
from early larval feeding up to pre-on growing. It 
consists of one common diet profile with 3 specific 
formulations, focusing on the specific needs of lar¬ 
vae, post larvae and juveniles. 

O.range is a micro-particulated, non-leaching and 
dust-free product, formulated with top quality ma¬ 
rine proteins and size specific n-3 HUFA and DHA/ 
EPA levels. 

Although a highly refined diet is only a part of the 
big picture for successful larval rearing, INVE is 
confident that 0.range can play an important role 
in improving production and offering consistent 
output at a reasonable cost. 


For more information on any of these products, 
email: inveaqua_bu@inve.be 
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AQUAFEED.COM AND NOFIMA PARTNER 
TO PRESENT AQUAFEED HORIZONS 

AT THE START OF A NEW ERA FOR EUROPEAN AQUACULTURE 


But of course it is not all plain sailing. As read¬ 
ers of this magazine are all too well aware: 
technically, feeds for aquatic animals are the 
most demanding; they require the most sophis¬ 
ticated processing techniques and most chal¬ 
lenging formulation solutions. As European 
aquaculture begins a new era, Cologne, in the 
North of Germany, will be an interesting new 
venue for the 5th in the Aquafeed Horizons 
series of international conferences. 

For Aquafeed Horizons 2011, the aquaculture 
feed industry's information specialist, 
Aquafeed.com, has joined forces with 
Norway's research group, Nofima. 

Since it became operational in early 2008, 
Nofima has become a well known name to 
almost everyone in the aquafeed sector - and 
certainly the organizations from which it is 
formed are very familiar names: Nofima was 
established from Akvaforsk, Fiskeriforskning, 
Matforsk, Norconserv and various commercial 
R&D activities at the administrative bodies of 
the Norwegian Institute of Marine Research, the 
Norwegian National Institute of Nutrition and 



The Europeai j 


aquaculture sector involves more than 16,500 
businesses, an annual turnover exceeding €3.5 
billion and 64,000 jobs. However, it represents 
only four percent of global aquaculture production. The potential for growth in aquaculture - and thus 
aquafeed - seems limitless - and will be boosted by a commitment from the Fisheries Committee of the 
European Parliament, who in April 2010 an¬ 
nounced a new impetus for the strategy for 
the sustainable development of the industry. 


Cologne: the exciting host city for Aquafeed Horizons 
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Seafood Research and the Norwegian National Veterinary Institute. The aim of this strongly business 
oriented research group is to provide aquaculture, fisheries and food industry solutions at an international 
level, which will give a competitive edge throughout the value chain. 

The conference draws on the knowledge of some of Nofima's top scientists, who are joined by industry 
expert s to bring you the latest advances in Aquafeed processing know-how , ingredients and formulation. 


PROVISIONAL PROGRAM 


Welcome: Dr Olai Einen, Director of Research, Nofima, Norway 

Processing 

Optimal pellet quality is a trade-off between durability and responses in the fish 
T. Synnove Aas, Nofima, Sunndalsora, Norway 

Multivariate modelling of extruded fish feed pellet quality 
Tor Andreas Samuelsen, Nofima Ingrediens, Bergen, Norway 

Extrusion development effects on processing efficiency of aquatic feeds 
J oseph P Kearns, Aquaculture Process Engineering Manager, Wenger Mfg., Inc. USA 

Trends in aquafeed: Relevance and technical solutions 
UrsWuest, Head Engineering & Fulfillment, Buhler, Switzerland 

Nutrition and Formulation 


Aquafeed sourcing, key to successful aquaculture sector 
Mrs. Valeska Weymann, GLOBALG.A.P c/o FoodPLUS GmbH/Standard Management Aquaculture, 

Cologne, Germany 

The use of seaweeds in aquatic feed 
Colin Mair, Ocean Harvest, Ireland 


High growth rates in Atlantic salmon (Salmo salar L.) fed 7.5%fish meal in the diet. Micro-, ultra- and 
nano- filtration of stickwater and effects of different fractions and compounds on Atlantic salmon 

performance fed very low fish meal diets 
Katerina Kousoulaki, Nofima Ingredients AS, Fyllingsdalen, Norway 

Improved P. utilization of marine feed resources 
Sissel Albrektsen, Nofima, Fyllingsdalen, Norway 


Effects on performance and product quality in Atlantic salmon fed diets reduced in organic pollutants 

J an 011i, AVS Chile SA, Puerto Varas, Chile 


* (Program subject to change) 


Generously sponsored by 
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SPECIALIST CONFERENCE ON FEED INGREDIENTS AND ADDITIVES 

Animal feed ingredients and additives comprise a vast and growing array of 
options for the feed producer. They open up new possibilities for meeting 
the needs of efficient and sustainable livestock production, the expecta¬ 
tions of farmers and they can provide competitive edge for the feed miller. 

On the other hand, negotiating the torrent of claims and counter-claims for 
the latest 'magic bullet' - not to mention the complexities of national and 
international regulations, can be more than the mill nutritionist or formula- 
tor has the time or resources to deal with. 

Recognizing the need for specialist information in this area, the FIAAP 
Conference was launched in 2008 as part of Victam's new event for feed additives and Ingredients, FIAAP. 
In 2011 the FIAAP Conference comes to Europe in partnership with the newly formed European Feed Tech¬ 
nology Center, EUFETEC. 

EUFETEC, is a new organization that unites European animal feed manufacturers, academia and research¬ 
ers in a common vision for the sector. Founding members are: the Belgian feed manufacturers' associa¬ 
tion, BEMEFA , the European animal feed manufacturers' federation, FEFAC; the Spanish feed manufac¬ 
turers' association, CESFAC ; the Belgian feed additive manufacturers' association, FRANA (with the EU 
Association of Specialty Feed Ingredients and their Mixtures, FEFANA); the centre for feed technology, 
TECALIMAN,France; Wageningen UR Livestock Research, The Netherlands; Hogeschool Gent / Ghent Uni¬ 
versity / Institute for Agricultural and Fisheries Research (ILVO), Belgiu); Institute for Food Technology 
(FINS), Serbia; the University of Piacenza, ISAN, Italy; and the University of Nottingham, UK . More or¬ 
ganizations will be included as EUFETEC develops its activities. 

EUFETEC’s aim is to initiate and coordinate a European response to major challenges in areas such as sus¬ 
tainable feed and environment, feed and food quality and safety, and production unit management. 

The FIAAP Conference will provide an opportunity for interaction between industry, research institutes 
and academia. The program will offer insights into current feed hygiene and safety issues, regulation, 
and specific ingredients, by members of EUFETEC and industry. 

REGISTRATION & DELEGATE FEES 

Online registration at the conference website www.feedconferences.com is required for these confer¬ 
ences to secure your place and early sign-up is strongly recommended. 'Early Bird' registration is now 
underway and offers substantial discounts, and delegates can also benefit from group rates (for three or 
more) and combined registration for Aquafeed Horizons, the FIAAP Conference and/or the new grain 
processing and flour milling conference, GRAPAS Conference 2011, taking place on consecutive days 
during Victam 2011, May 3,4 and 5, 2011 at the Koelnmesse, Cologne, Germany. (Zt. 


For more information, please visit www.feedconferences.com 
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The 5th AQ17AFEED HORIZONS 

INTERNATIONAL CONFERENCE 


"Advances in Agujfeecj Processing & Formulation" 

May 3, 2011, Cologne, Germany 



Join your colleagues at the No.1 independent, international conference 
dedicated to advances in aquaculture feed. Learn about the latest developments 
in aquatic feed production from the leading research scientists from Norway’s 

Nofima and from industry experts. 


Register now for substantial Early Bird discounts! 
(Online registration required to guarantee your place) 

www.fee4confetences.com 


LI MX CONFERENCES 


M 
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Sponsored by 


^Nofima International 20II € BUHLER 


An Acfudfeect.com/Linx Conference in dssocidtion with Nofimd dncj sponsored by Buhter 


Mari ne Harvest farm, Norway 







The use of 

seaweeds 

in aquatic feeds 

By Colin Mair, Technical Director, Ocean Harvest Technology, Milltown, Ireland 


Anecdotal: 


observations over many years have suggested that sea¬ 
weeds are an important nutritional resource for terres- 
■trial and aquatic species. Obligate carnivores like Cod 
have been observed grazing on seaweed immediately before breeding, for instance, and single species of 
seaweed have demonstrated a significant improvement in disease resistance when included in diets for 
farmed shrimp. The aquafeed industry has been beset by concerns over environmental impact, animal 
welfare, sustainability and food safety concerns. These factors were seen as an opportunity by Ocean 
Harvest Technology, who have risen to the challenge to formulate and test a seaweed-based ingredient, 
Oceanfeed, that addresses the issues of sustainability and the use of 'chemical' ingredients that gives 
significantly improved performance in growth rate, feed conversion ratio, mortalities, disease and lice 
resistance and finally flavor and texture of the finished product (See Aquafeed: Advances in Processing & 
Formulation, Summer 2010) . This article looks specifically at a commercial trial with Atlantic Salmon that 
follows seven years of research and development and will further discuss opportunities with other species 
of fish and shrimp. 


TRIAL PROTOCOL 


The trial was run at the Trial Feed Unit owned and operated by Marine Harvest (Scotland) at Loch Eilort, 
40 miles north of Fort William on the Scottish west coast. The feeds, both reference and test, were 
manufactured by EWOS (UK) Ltd. at their processing unit in Westfield, Scotland. Thanks are extended to 
both companies in the very professional, thorough and helpful way they contributed to this trial. 

The fish were mixed sex Atlantic Salmon smolts with a starting weight of 145 gms. The two diets each had 
three replicates, each replicate being 625 fish (making allowance for post transfer mortalities) in 5.25m 2 
cages, 6 cages in total with a target starting number of 3,600 fish in total. Each cage was fitted with 
Sterner feeders controlled by an Aquasmart AQ300 adaptive feed control system Fish were fed to 
satiation, light regime followed natural photoperiod and water temperature was ambient. 
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The cages were inspected daily for signs of fouling and damage and, when required, were lifted periodi¬ 
cally for power washing. Temperature and salinity were recorded at 5 and 10 metres depth on a daily ba¬ 
sis (note the cages were 5 metres deep), and mortalities were recorded on a daily basis. 

Fish were sampled and assessed against standard farming Key Performance Indicators (KPI). Evaluation 
included growth rate, feed conversion ratio (FCR), condition factor, yield, pigmentation, fat analysis, lice 
counts, pigmentation, lipid content and profile, flesh flavor and flesh texture. Samples of whole guts 
were taken for microbiological evaluation and samples of lower intestine were taken (being immediately 
fixed in buffered formalin) for histological examination. Scottish Quality Cuts (SQCs) of flesh were taken 
for lipid analysis, lipid profile, protein analysis and pigment analysis. Thanks is extended to the Institute 
of Aquaculture, University of Stirling for their assistance in analysing samples. 

ANALYSIS OF FEED 

The reference feed was an Organic salmon feed and the test feed was a very simple feed containing fish¬ 
meal, fish oil, Oceanfeed and wheat. Note that no premixes, pigments or any other 'chemical' additives 
were used in the test feed, the organic feed having included typical levels of vitamins, minerals and pig¬ 
ment. 


Proximate Analysis, carried out at the University of Stirling, was as follows: 



Oceanfeed™ 

Phase 1 

Oceanfeed™ 
Phase 2 

Organic 

Phase 1 

Organic 

Phase 2 

Moisture Content % 

11.24 

11.2 

6.59 

6.6 

Protein Content % 

42.14 

43.3 

43.09 

43.2 

Oil Content % 

22.61 

22.8 

24.78 

25.0 

Ash Content % 

17.56 

15.9 

10.92 

10.9 

Fibre Content % 

1.03 

2.0 

3.15 

3.6 

Carbohydrate 
Content % 

6.94 

9.0 

13.09 

13.1 

Total n-6 PUFA 
%of oil 

3.23 

3.43 

4.28 

4.18 

Total n-3 PUFA 
%of oil 

30.15 

29.87 

25.95 

24.00 

Total PUFA 
%of oil 

37.93 

37.71 

32.08 

30.1 
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GROWTH RATES 

The first phase of the test used a diet with 25%Oceanfeed in the formulation with protein and lipid being 
less than the reference diet as shown above. This was not deliberate, the target being to have the two 
feeds identical in protein and oil content. This phase 1 diet was fed until October 2009 from J une 2009. 

As expected the proximate gap between the two formulations produced a higher level of growth in the 
reference population. Diets were switched in October 2009 thro J une 2010, with test diet having 15% 
Oceanfeed. This diet had same protein as the reference diet, but oil content of the Oceanfeed diet was 
still lower. Despite this, growth rate of the Oceanfeed fish accelerated with a cumulative difference 
showing Oceanfeed diet having 14%higher growth rate than the organic diet. The differences in proxi¬ 
mate analysis are an expected issue when squeezing short runs of product into a busy commercial mill, 
but despite this performance of the Oceanfeed diet is significantly better. 

FEED CONVERSION RATIO (FCR) 

The FCR for the Organic Diet was 0.979 kg feed per kg whole fish. For the Oceanfeed Diet FCR was 0.957 
kg feed per kg whole fish, 0.025%better than the reference diet. The yield of fish were different, where 
fish are weighed, gutted and weighed again. Gutted weight as a percentage of whole fish weight is % 
Yield. For the Organic Diet this was 88.44% For the Oceanfeed diet this was 89.83% If FCR is calculated 
looking at the weight of gutted fish per kg of feed this difference in yield shows a further gap between 
the two diets. This FCR Proc. Number was 1.19 kg feed per kg gutted fish for the Organic Diet and 1.16 kg 
feed per kg gutted fish for the Oceanfeed diet, a difference of 2.6% 

STOCK AVERAGE WEIGHT DIFFERENCE 

The second phase of the feeding trials adjusted the diet for several reasons, one being the difficulty in 
making a feed robust enough to sustain physical stresses of handling in a traditional feed plant, where the 
first feed tended to break up in handling, resulting in lower growth rates and high stock average weight 
difference. When the feed was changed to a much more physically robust feed it was interesting to moni- 


tor improved growth 



rates (14%better than 


Percentage Difference between Organic Diet and Oceanfeed Diet 

reference) and a 

25% 


significant drop in 



Average Weight 

20% 

a 

Difference, as show in 


9 

the graph to the right. 

15% 

• 

The Oceanfeed 



average fish weight at 

10% 


this time was 4.065kg, 


• 

with fish growing 14% 

5% 

• 

• 

faster than reference 



and FCR 2.6%lower 

(better). 
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FLAVOUR/TEXTURE 

A focus group was selected from a group of individuals experienced in organoleptic evaluation of salmon. 
A score chart was constructed so that the fish could be marked on a points basis from 1 (excellent) to 5 
(poor). The evaluation criteria were appearance, texture, color, smell and taste for both raw and cooked 
fillets of salmon. The Oceanfeed fish scored 2.1 and the Organic Feed fish scored 3.0, with all panellists 
noting a significant improvement in the Oceanfeed fish on taste and texture. 

MORTALITY 

Of the populations of 1,800 fish on each diet Oceanfeed scored 19 mortalities and the organic diet scored 
53 mortalities. There was a consistent pattern throughout the trial with no single factor being responsible 
for the mortalities. This is 1.09%mortalities for Oceanfeed and 2.9%for the organic feed. Anecdotal ob¬ 
servation suggest that the Oceanfeed fish were healthier and more active, for instancing reviving much 
more quickly from anaesthetic when being sampled for length and weight measurement. 

INTESTINAL MORPHOLOGY 

Samples of intestine were taken at mid-point and were dropped into buffered formalin immediately post 
mortem. The samples were sectioned and stained at the University of Stirling. The following pictures 
show a healthy cross-section of the intestinal lumen, with the intestine well filled with a complex folded 
lining. There was no observable difference between the intestinal morphology of both populations. As a 
comparison a slide is shown from a salmon fed a diet high in soybean meal, showing the lumen poorly 
filled with very few folds on the intestinal wall. 



SEA LICE 

All through the trial regular samples were taken to evaluate sea lice (lepeophtheirus salmonis) infesta¬ 
tion. There had been an expectation that sea lice counts would be reduced on the Oceanfeed fish, 
because of the previously known effect of the diet on stimulating the immune system and stimulating 
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formation of a more viscous layer of mucous on the outside of the fish. Recruitment of juveniles seemed 
to be broadly similar in both populations, but there were significant differences throughout the trial in 
the count of adults, especially gravid females. Work is ongoing using positive challenge with a version of 
Oceanfeed specifically designed to combat lice infestation to follow up from these observations. The 
following chart shows a typical analysis of sea-lice, with green being the Oceanfeed results and blue the 
organic or reference feed results. Note that all the fish were treated for lice several times during the trial 
when population levels in any of the cages approached statutory limits that require treatment. Further 
work in isolated systems that allow positive challenge work is ongoing. 


Sea lice burdens - Oceanfeed (Green) vs Organic (Blue) 

0.30 - 

0.70 - 



PIGMENTATION 

The Organic diet contained a small quantity of natural pigment. Organic farmed salmon do not require the 
deep flesh colour of 'standard' fish, a target being a Salmofan colour of approximately 23 for the organic 
fish. The Oceanfeed diet contained only natural pigments contributed by the seaweed mix. Colour devel¬ 
opment for both populations was broadly similar with no statistical difference throughout the trial. 
Analysis of the pigments at Stirling University showed some interesting results, as shown below: 
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Analysis of Feed (expressed as mg/ kg) 



Oceanfeed™ 

Organic Feed 

Astaxanthin (Ax) 

1.31 

1.51 

Beta Carotene 

5.20 

5.63 

Lutein 

0.98 

0.12 

Unidentified Esters 

18.00 

8.58 

Total Carotenoids 

25.49 

15.84 

Analysis of fish flesh: 

(Salmofan as number; Pigment results expressed as mg/ kg) 


Oceanfeed™ 

Organic Feed 

Salmofan Colour 

22.81 

22.88 

Astaxanthin (Ax) 

1.17 

1.23 

Canthaxanthin (Cx) 

0.04 

0.04 

Lutein 

0.05 

<LOQ 

Total Carotenoids 

1.26 

1.28 


Pigment uptake was very similar in both populations. The higher level of total carotenoids in the 
Oceanfeed diet may help to partly explain increased growth rates and reduced FCR's, these substances 
having an essential effect in, for instance, lipid metabolism. 

CONCLUSIONS 

The results of this trial were encouraging in many ways. The Oceanfeed diet seemed, by comparison to a 
very high quality Organic Salmon Diet, to result in improvements in Growth Rate, FCR, Mortalities, Fish 
Flesh Flavour and Texture and Sealice infestation. This is despite lower oil and energy content throughout 
the trial. Ongoing work continues to explore some of these issues in detail. Other R&D work already done 
shows similar results in other fish species, shrimp species and abalone. The use of dried seaweed as an 
ingredient in aquacultural feeds is well established, but this work takes the use of seaweeds to a higher 
level, where different species of seaweed are carefully formulated to make a complex mix with targeted 
performance improvements that will give the farmer better yields of healthy products that taste signifi¬ 
cantly better. 


For more information, please contact Colin Mair 
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THE USE OF DIETARY ACIDIFIERS IN 
SALMONID NUTRITION 

with special focus on new results with diformates 

Christian Luckstadt, Addcon, Bonn, Germany 


Data from 


the '90s of the last century obtained promising results 
in the use of dietary acidifiers in a number of salmonid 
species (Table 1). 


The effect of supplementation of commercial diets with sodium salts of lactic and propionic acid was 
tested in Arctic charr (Salvelinus alpinus) in brackishwater at 8°C (Ringo 1991). Fish fed the diet with 1% 
added sodium lactate increased in weight from about 310 g to about 630 g in 84 days, while fish fed diets 
without either salts reached a final weight of only 520 g (P<0.05). Inclusion of l%sodium propionate in 
the diet however had a growth depressing effect compared to the control (P<0.05). The gut content from 
Arctic charr fed the sodium lactate supplemented diet contained lower amounts of water, energy, lipid, 
protein and free amino acids. 


Table 1: Effect of the sodium salt of different organic acids on the performance of Arctic charr and Atlantic salmon 


Fish species 

Acid/acid salt 

Dose (%) 

SGR (%)' 

FCR n 

Reference 

Arctic charr 

Control 

0 

0.61 

n.d. 

Ringo, 1991 


Na-lactate 

1 

0.83* 




Na-propionate 

1 

0.49* 



Arctic charr 

Control 

0 

0.51 

1.20 

Ringo, 1992 


Na-formate 

1 

0.58 

1.08 



Na-acetate 

1 

0.70* 

0.96 


Arctic charr 

Control 

0 

0.79 

1.30 

Ringo et al., 1994 


Na-lactate 

1 

1.12 

0.91 


Atlantic salmon 

Control 

0 

0.97 

n.d. 

Gislason et al., 1994 


Na-lactate 

1.5 

0.97 



Arctic charr 

Control 

0 

0.28 

n.d. 

Gislason et al., 1996 


Na-lactate 

1.5 

0.51* 



Atlantic salmon 

Control 

0 

0.76 

n.d. 

Gislason et al., 1996 


Na-lactate 

1.5 

0.79 




+ SGR (°/c): Specific Growth Rate =ln Body Massi - In Body Mass 0 / Culture period (d) x 100 
n FCR: Feed Conversion Ratio =Feed intake / Live weight gain 
^significantly different from the control diet (P<0.05); n.d. - not determined 
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It has been observed that charr feeding on high 
doses of commercial feeds, as it often appears 
under aquaculture conditions, have a tendency for 
diarrhoea. When charr was feeding on diets con¬ 
taining sodium lactate, diarrhoea did not occur, 
probably indicating much lower amounts of remain¬ 
ing nutrients and water in the gut. Furthermore, it 
was proposed that the growth promoting effect of 
dietary lactate in Arctic charr is caused by the 
relatively slow gastric emptying rate (Gislason et 
al. 1996). An increased holding time in the stomach 
augments the antibacterial potential of the lactic 
acid salt and can have therefore a larger inhibition 
effect against possible pathogenic bacteria (Sissons 
1989). The improved growth of the Arctic charr did 
not affect the chemical composition of the fish 
(Ringo et al. 1994). 

A similar study by the same author (Ringo 1992) 
proved the growth promoting effect of l%sodium 
acetate (P<0.05) given as an additive to Arctic 
charr reared in brackishwater, while the same 
dosage of sodium formate had only a numerical 
improvement compared to a negative control. The 
stimulated growth of the fish which fed the ace¬ 
tate additive may be explained to some extend by 
a higher feed intake, but the enhanced digestibili¬ 
ties of dietary components might also contribute to 
the increased growth. Addition of l%sodium ace¬ 
tate to the diet affected significantly (P<0.05) the 
digestibility coefficients for both protein and lipid, 
and for the dietary fatty acids 14:0, 16:0, 18:1, 
20:1, 22:1 including the essential fatty acids 18:0 
and 18:2(n-6). 

Further studies on salmonids included again the 
rainbow trout Oncorhynchus mykiss. The effect of 
organic acids on digestibility of minerals was tested 
in several studies. It was reported from pigs, that 
the inclusion of dietary organic acids enhances the 
mineral absorption (Ravindran and Kornegay 1993). 
Vielma and Lall (1997) reported the effect of die- 
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tary formic acid on the availability of phosphorous in such diets for 
rainbow trout. It was found that the apparent digestibility of phos¬ 
phorous was significantly increased (P<0.05) in fish fed a diet con¬ 
taining 10 mL kg-1 formic acid. 

More recent studies include experiments with rainbow trout finger- 
lings (de Wet 2005, 2006), which were fed five experimental diets. 

Those diets consisted of a control diet, three diets containing 0.5, 

1.0 and 1.5%of an organic acid blend (formic acid and its salts as 
well as sorbic acid) and a diet containing an AGP (40 ppm Flavomy- 
cin). At the end of the trial, improvement in growth was observed 
with increasing level of organic acid inclusion. Inclusion levels of 
1.0%and 1.5%resulted in significant improvement in specific growth 
rate of the fish when compared to the control (P<0.05). The im¬ 
provement was similar to what was achieved with AGP inclusion, if 
1.5%of the acid blend were used. But fish fed the 1.5%acid blend 
tended to have a lower FCR compare to the group with in-feed antibiotics. 

Latest results in salmonids reveal that Atlantic salmon fed 1.4%potassium diformate enriched fishmeal 
tended (P=0.055) to have a higher specific growth rate compared to a negative control (Christiansen and 
Luckstadt 2008). Furthermore, groups fed 0.8%and 1.4%potassium diformate fishmeal had a significantly 
better feed conversion and improved the uniformity of fish groups. This was confirmed by other data 
(Luckstadt, 2008; Luckstadt and Schulz, 2008; Luckstadt and Kuhlmann, 2009)), where salmon fed on diets 
containing potassium diformate had significantly higher growth rates, an improved protein digestibility 
and a significantly higher fat digestibility respectively. 

Further trials on the effect of diformate in salmon were recently published at the ISFNF in China (J une 
2010, see last issue of Aquafeed - Advances in Processing and Formulation). Especially the results from 
Morken et al. (2010) with sodium diformate on the physical quality of trout feed are of main interest for 
the fish feed industry. According to the authors sodium diformate at 1.06%can significantly improve hard¬ 
ness (P0.001), water stability index (P0.001) and durability (P0.001) of extruded barley protein con¬ 
centrate based fish feed, thus ensuring a safe feed uptake for the fish. 


“The use of 
acidifiers can be 
an efficient tool 
to achieve 
sustainable, 
economical, 
and safe 

fish production ” 


Though there are only a limited number of published studies on the use of acidifiers for growth promo¬ 
tion, feed efficiency as well as mineral absorption and pellet stability in salmonid aquaculture, results 
from those studies indicate promising potential and compel aquafeed manufacturers to consider using 
acidifiers, especially diformates in their diets. The use of acidifiers can be an efficient tool to achieve 
sustainable, economical, and safe fish production (Luckstadt, 2007). 


For more information, please contact Christian Luckstadt . References available on 
request. 
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CORN PROTEIN 
CONCENTRATE 

A NEW TOOL FOR FISHMEAL REPLACEMENT 


Aquafeed- 


ingredient understanding, sourcing and utilization are in a state of 
flux. Fishmeal replacement is a no longer a goal or discussion for the 
future; it is an action needed for industry sustainability and survival. 
Effective implementation of new ingredients requires careful consideration of several aspects of the 
aquafeed business, especially formulation and processing. 


The challenges that must be addressed include understanding an ingredient, assessing nutritional proper¬ 
ties, identifying additional value and working with procurement and suppliers to understand what the 
ingredient will be when it arrives at the plant. 


Change doesn’t have to be hard. You just need to make informed decisions. 


Very few ingredients can make significant contributions to the replacement of fishmeal. Protein level, 
protein quality and oil composition are key challenges for replacement. Since fishmeal typically contains a 
65%or greater protein level, most animal meals, protein ingredients and by-products are not capable of 
delivering a one-to-one replacement. Additionally, since the amino acid and oil fatty acid profiles of 
these ingredients are typically not as desirable, a more concentrated source of protein is preferable. This 
ensures enough "space" or flexibility exists in the feed formulation to add ingredients such as omega-3 
fatty acids that can balance these deficits. 


Most plant-based ingredients are lacking in either lysine or methionine amino acid content. These amino 
acids can be balanced with synthetic or microbial sources or, alternatively, with combinations of concen¬ 
trated proteins such as blends of corn and soybean protein concentrates. Soy protein concentrates and 
isolates have been available for several years and their efficacy has been proven. 


A relatively new product, Empyreal 75, provides a corn protein concentrate ingredient that gives formula- 
tors and processors a new tool to effectively and economically manufacture feeds with lowered amounts 
of fishmeal. A key benefit of Empyreal 75 is its 75%protein (>82%db) content. The manufacturer also pro¬ 
vides product consistency, reliable supply and a superior quality control program that will exceed your 
expectations compared to conventional commodities and by-products. 


Final feed value is only as good as the ingredients we choose and accuracy of the compositional values we 
enter into our formulation systems. This is a major dilemma for formulators. What is the actual nutrient 
profile of the ingredients being delivered? Flow much does each ingredient truly vary? Are there other fac¬ 
tors that need to be considered that affect processing and quality? 
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By-products are typically highly variable be¬ 
cause they are, by definition, what is left over 
from a process designed to manufacture some¬ 
thing else. Because these processes are de¬ 
signed to make a primary product rather than a 
by-product, the system inherently has little 
focus or capability to make consistent by¬ 
products. 

One method of coping with poor nutritional 
consistency is over-formulating - the practice 
of looking at standard deviations of ingredients 
and picking formulated feed targets that are 
more stringent than your feed’s guaranteed 
analysis. Many over-formulate by one-half 
standard deviation for the macro nutrient com¬ 
position to meet label requirements. This ob¬ 
viously comes at an elevated ingredient cost. 

Over-formulating by one-half standard devia¬ 
tion also gambles on the theory of "off-setting 
errors," hoping that not all the ingredients will 
vary in the same direction. Conversely, the less 
variation an ingredient has, the less inclusion is 
needed, which leads to cost reductions or less 
complexity if a multiple input strategy is being 
used. 

If the variable ingredient is one of your more 
costly inputs, such as a protein source, it is 
obvious that consistency in key macro ingredi¬ 
ents can bring value by enabling formulation 
closer to the label guarantees and with re¬ 
duced complexity and risk. 

Ironically, fishmeal is a costly, often highly 
variable, macro-ingredient. Significant value 
can be realized with its replacement using a 
more consistent ingredient such as Empyreal 
75. This high purity protein source provides an 
extremely consistent nutrient profile, predict¬ 
able functionality and an enhanced level of 
food safety. 
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Here’s how Empyreal 75 compares to other ingredient options. 



Empyreal 75 

Wheat Gluten 

Poultry Meal 

Fish Meal 

Soy Protein 
Concentrate 

Ingredient 

Consistency 






Nutrient Availability 






Extrusion 

Functionality 

s 

s 




Binding Capability 






Stability 

s 





Low Ash 






Unit Protein Cost 







Consistency of an ingredient will also bring significant value by providing predictable processing perform¬ 
ance and capability. Processing systems, including extrusion, require equipment to be adjusted to formu¬ 
lation. And sometimes formulation has to be adjusted to optimize product performance. 


Consequently, a feed's uniformity and homogeneity can contribute greatly to feed efficiency and water 
quality. Good processing quality not only increases throughput, but also enhances manufacturing capabil¬ 
ity, such as the ability to utilize extrusion over crumbles for small pellets and larval feeds. Empyreal 75 
not only provides good processing consistency, it also performs as a binder and has "gluten-like" function¬ 
ality, especially during extrusion. 

Since Empyreal 75 is a dry ingredient composed of insoluble vegetable protein, its functionality, as de¬ 
fined by its ability to plasticize or flow and intermingle with other ingredients, is enhanced by heat and 
mechanical shear encountered during extrusion. Superior binding and intermingling have been observed 
with other ingredients compared to corn gluten meal. 

The capability of Empyreal 75 to function in extrusion systems is evident through the fineness and even¬ 
ness of cell structures created in kibbles. This capability can be demonstrated by extruding the ingredient 
alone in a twin screw extruder, creating snack-like crisps that are well expanded, smooth in texture and 
devoid of grittiness. The extrusion functionality of Empyreal 75 can be used as a tool to manipulate ex¬ 
pansion (float x sink properties), incorporation of other ingredients, hydration rate, oil absorption rate, 
reduction of fines and overall premium appearance of feeds. 

The hydrophobic properties of Empyreal 75 can also be exploited by reducing water consumption during 
extrusion, binding high amounts of fat (20%demonstrated) or being used in a multi-component food sys¬ 
tem to deliver or mask other ingredients that are not well suited for aqueous incorporation or payabil¬ 
ity. Additionally, the carotenoid content of Empyreal 75 can be used as a natural preservative, especially 
to prevent rancidity of fish and other oils used in formulations. These carotenoids are powerful, natural 
antioxidants that can quench free radicals and auto-oxidative processes which lead to reduced nutritional 
value of fats used in manufacturing feeds. 

w 
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Empyreal 75 


Empyreal 75 + 15% Fat 


Cross-sections of extruded pellets made from Empyreal 75 
(alone or with added fat}. 


The processes used to produce Empyreal 75 significantly alter the structure and functional capability of 
corn protein isolated from the wet milling process. Wet milling of corn denatures much of the endosperm 
protein, altering their ability to perform as functional proteins in food and feed applications. 

The traditional protein by-product from the wet milling industry has long been termed "corn GLUTEN 
meal." Although not as functional as wheat gluten, this protein isolated in its wet state will form a 
"gluten-like" dough property when mixed. Drying operations have a large impact on its capability to 
provide functionality. 

As the protein is dried in the presence of starch, the two polymers will at least partially intermingle 
during drying, impacting the ability of the protein to hydrate or cook in extrusion or other applications. 

The functionality of corn gluten meal is very dependent on whether steam-tube dryers or flash-dryers are 
used. The starch in corn gluten meal is typically smaller and more crystalline. Although a source of nutri¬ 
tion, they are not as functional in cooking applications as their larger counterparts. 

The process of making Empyreal 75 isolates the concentrated protein without these starches. Drying the 
purified protein creates a more uniform particle size for the ingredient. This improves hydration and func¬ 
tion in processing applications, especially extrusion. 

However, the secret to Empyreal 75's superior functional capabilities is found in the patented production 
process. This proprietary process enhances how the proteins fold and assemble during manufacturing, 
leading to easier plastization and incorporation with other ingredients. These key attributes result in a 
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concentrated protein ingredient that exceeds expectations of functionality and as a tool to innovate for 
your feeds beyond simple nutritional profiles and fishmeal replacement. 

Empyreal 75 is, truly, a new tool for feed manufacturing. 

The use of fishmeal replacements does not have to reduce feed efficiency or feed acceptability. The 
efficacy of Empyreal 75 has been proven in a wide range of feeds for different species, including shrimp, 
salmon, trout, tuna, tilapia, catfish and even some endangered species such as spiny-backed chubs and 
paddled-nosed sturgeons. 

Each study has repeatedly shown good feed conversion ratios and growth rates. Digestibility has been 
shown to be well in access of 90%in all tests, including pet foods and feeds for livestock. Empyreal 75 has 
also shown good feed acceptability with no known anti-nutritional factors or causation of enteritis when 
used at moderate inclusion levels. 

Empyreal 75 is a high purity protein ingredient that delivers an extremely consistent nutrient profile, 
predictable functionality and enhanced food safety. The producers encourage you to see if Empyreal 75 
has a place in your formulation toolkit. 


For more information, please email: inquiries@empyreal75.com or visit the website 
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innovation is our enduring legacy. 


Since 1935, we’ve been helping 
customers solve problems and 
capitalize on opportunities faced 
by their businesses. 

Seventy-five years ago, a key 
answer was a molasses mixer. 
Today, the solutions tend to be 
more technologically complex - 
but our founding pledge remains 
unchanged. 

At Wenger, we innovate to solve 
customer challenges. 

And then we do it again. 


WENGER 
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EMPYREAL* 



Empyreal® 75 is changing the way fish and leading 
aquaculture feed manufacturers look at protein. 

For starters, Empyreal 75 is the first and only 
protein concentrate made from corn. This high-energy, 
naturally pure protein source provides the nutrition 
fish need in a highly digestible ingredient. 

And industry experts are drawn to the fact that 


Empyreal 75 is manufactured in the US, bringing with 
it superior supply assurance beyond any specialized 
protein ingredient available to the industry. Not to 
mention that fish and shrimp thrive on this sustainable 
protein source at a fraction of the cost of fish meal. 

To learn more, visit E75aqua.com. And be prepared 
for a whole new perspective on protein. 




